The aim of this study is the determination of radioactivity concentrations of naturally occurring K-40, U-238, and Th-232 and assessment of the annual effective dose of edible plant and its soil samples. The activity concentrations in soil and plant samples were measured using to HPGe-detector and analyzed using Genie2000 software. The radium equivalent, annual absorbed effective dose, indoor, outdoor absorbed dose and hazard index (Hex, Hin and Iɣ) have been estimated for workers. The present study has shown that both the uptake and the activity concentrations of U-238 and Th-232 were significantly low in comparison with K-40 radionuclide in soil and edible plant samples. Interestingly, the results of this research have demonstrated that soil and plant samples, that have been collected from Sharqia governorate, exhibited low activity concentration of radionuclides. Moreover, this decline in the activity concentration of radionuclides is below the worldwide values [1]. Taken together, the results of the present investigation on Radium equivalent, annual absorbed effective dose, indoor, outdoor absorbed dose, and hazard index (H ex , H in and Iɣ) provide compelling evidence that the soil has low U-238, Th-232 and K-40 concentration. Based on the present data, it is tempting to conclude that there is no health risk for eating these edible plants.
Introduction
Determination of the radioactivity concentrations of U-238, Th-232 and K-40 in edible plants and their soil is the aim of this study. The transfer of the above radionuclides from soil to plants is considered to be a source of radiation exposure to the population [2] . Sharqia is the most important agriculture Governorate in Egypt, and is considered a source of crops production. Vegetables and beans (white bean, red bean cucumber and zucchini) are the most favorite foods for the Egyptian community. The transfer factor of these crops has been demonstrated or detected and reported in a previous study [3] . It was documented that white bean plant has the highest activity, where, Zucchini plant has minimal activity concentration. Exposure to pollution and transmission of radiation to food is one of the most important risks to people in Egypt. The current study demonstrates that the dose assessment exceeds the annual dose limit of 1 mSv set for the population [4] . The results were compared to the data that has been reported by the United Nations Scientific Committee on the Effects of Radiation (UNSCEAR) [5] .
The reported values of U-238 and Th-232 and K-40 concentrations in various plant species differ significantly. The natural difference in the ability of plants to uptake radionuclides is not the only reason for such a situation. Certain contribution may be provided by methodologies of plant sampling and preparation and the various analytical techniques that used for determination of very low U, Th and their decay products concentrations in the leaves of plant samples and also depends on the plant part (roots, leaves and shoots). Plants grown in radionuclide-enriched soils confirmed an increase in the concentration of Th-232 and U-238 in roots, while concentrations of the radionuclides in upper plant parts were rather low. Th-232 was less available to plant uptake than U-238 [6] . In addition, the transfer factor (TF) is utilized to determine the radionuclides' uptake from soil to the plants and is used for calculating the radiological human hazard via the ingestion pathway [7] . However, wild plants are more contaminated than vegetables produced in farms; the vegetables are the main food products around the world, the activity concentrations of naturally occurring and anthropogenic radionuclides deposited in the soil and especial crops such as rice [8] . Thus, the transfer factor is regarded as one of the most important environmental parameters for safety assessment for nuclear facilities [9] . Edible plants studied in the area around the Fukushima Daiichi nuclear power plant which remains contaminated where the crops with radiation contamination examined for the agriculture soil in different areas in Japan [10, 11] . After the Chernobyl catastrophe, many of scientific research work have been performed by studying the soil plant transfer coefficients for many radioisotopes such as Cs-137 [12] .
Materials and Methods

Study area
Figureure 1: shows the Sharqia Government map inwhich the samples were collected. Sharqia is one of the northern governorates in Egypt. There are many crop plants in this area; and vegetables are the most dominant products beside rice. The farmers (workers) affected by the radiation that are released from both soil and plants. Phaseolus vulgaris (white beans and red beans), Cucumis sativus (Cucumber) and Cucurbita pepo (Zucchini)) and their soil samples (5 centimeters depth soil cores) were collected from many locations in Sharqia governorate. Four edible plant samples in the growth stage, leaves were collected from each location.
Samples preparation and measurement
Soil samples were well mixed after removing unrelated materials such as pieces of stone, mat portions and roots. Then, they were dried in an oven at 378 °K (105°C) for about 24 hours to remove the water and moisture until a constant dry mass was obtained and hence manually grinded. The leaves of plant samples were washed with fresh water for removing the mud and dust, cut into small pieces and primarily dried by spreading in air for about three days. Then they were dried in an electric oven at 60°C until friable stage. By using a grinder, the dried samples were ground into fine powder. Twenty soil and plant samples (five samples of each plant kind) were packed in plastic cylindrical containers of uniform size. All samples kept for more than four weeks to attain secular equilibrium between Ra -226 and its progenies to be achieved before gamma spectroscopy.
Analysis
Gamma spectrometry a P-type coaxial HPGe detector (Canberra model: CPVD 30-3020, shielded by 10 cm Pb thickness, 1 mm Cd and 1 mm Cu) with a relative efficiency of 30% and a resolution full width at half maximum (FWHM) of 2.1 keV at 1.33 MeV connected to multi-channel analyzer (MCA) and coupled with software program Genie 2000, was used. Efficiency calibration of the system was carried out by using secondary standard sources (RGU-1, 400 µg/g of U-238) and (RGTh-1, 800 µg/g of Th-232) produced from IAEA. The activity of 238 U and 232Th was determined via their decay products: 214Bi (609, 1120 and 1764 keV), 214Pb (352 and 295 keV) and 228Ac (338 and 911 keV), respectively. 238U was determined via234Pa (t1/2=1.17 min, 1001keV). The activity concentration of 40K was determined depending on its 1460 keV Gamma-energy. For background measurements pure silica was also poured to similar jar up to the same height as sample. Gamma spectrum for each sample and background were accumulated for about 24 h [13].
Radium equivalent index
Comparison between the specific activities of materials containing U-238, Th-232 and K-40 that was achieved by using the radium equivalent (Ra eq ) illustrates the sum of activities of U-238, Th-232 and K-40, radionuclides where 1Bqkg -1 of Ra-226, 0.7Bq kg -1 of Th-232, and 13Bq kg -1 of K-40 produce the same radiation dose rates [5] .
Ra eq = C Ra + 1.43 C Th +0.077C k (1) Where C Ra , C Th and C K are the radioactivity concentration in Bq/kg of U-238, Th-232, and K-40. 
Absorbed dose rate calculation
Representative level index
Representative level index, l γ is used to calculate approximately the hazard of gamma-radiation associated with the natural radionuclides. It is given as:
Where C Ra , C Th and C K are the radioactivity concentration in Bq/kg of U-238, Th-232 and K-40 . This gamma index is also used to correlate the annual dose rate due to the excess external gamma radiation [16] .
Effective dose
To estimate the annual effective doses, both (i) the conversion coefficient from absorbed dose in air to effective dose and (ii) the indoor occupancy factor should be taken into account. In report of UNSCEAR [17], the Committee used 0.7 Sv /Gy for the conversion coefficient from absorbed dose in air to effective dose received by adults and 0.8 for the indoor occupancy factor, i.e. the fraction of time spent indoors and outdoors is 0.8 and 0.2, respectively. The components of the annual effective dose are determined as follows:
Where AED is the effective dose measured in mSV and D is the Absorbed Dose Ratein(nGy/h).
External hazard index
The factors which determine the exposure rate of an individual are the concentration of radionuclides in the soil and the time spent outdoors. The external hazard index is an assumption that helps to evaluate the additional radiation hazard of natural gamma radiation. The External Hazard Index [18] is defined as:
The value of this index must be less than unity for the radiation hazard to be negligible. H ex =1 is a corresponding quantity to the upper limit of Ra eq (370Bq/kg).
Internal hazard index
The internal hazard index (H in ) is given as
For the radiation hazard H in has to be negligible, H in <1. 
The activity concentration (A) of each radionuclide in the soil and plant samples were determined by using the net count rates fter subtracting the background counts (BG) from the gross counts for the same counting time under the selected photo peaks, Equation 7 used for calculation [18]; (7) Where, A = the activity concentration of the sample.
is the total counts per second from the samples -background counts per second. ε = the efficiency of the detector for the specific energy. Iγ = the intensity of the gamma ray. m = Sample mass in g. A computer software programming (GENIE 2000) used to analyze the acquired spectra. The activity concentrations of U-238 and Th-232 series and K-40 measured in (Bq/kg) were used to calculate the transfer factor(TF) of four edible plants using the following relationship [3] : Figure. (2). Interestingly, the results demonstrate that the lowest concentration value of U-238, Th-232 and K-40 in zucchini is 0.607±0.109, 0.437±0.074 and 3.527±0.423 respectively. Therefore, zucchini exhibits a lower transfer coefficient than the other plants as indicated Figure. (2). Table ( 2) shows the results obtained from the soil samples by calculating the absorbed dose rates (D), radium equivalent activities (Ra eq ), external hazard indexes (Hex), internal hazard indexes (Hin), and annual effective dose (AED) indoor and outdoor for the U-238, Th-232 and K-40 radionuclides. In the meantime, it is stated that the Radium equivalent activity (Ra eq ) has been utilized for the measurement of the hazard of radioactivity in environmental materials. It is important to note that the results documented that the value of the radium equilibrium index is 50.450 Bq/kg which is considered as the safe level of the public when compared with the Organization of Economic Cooperation and Development (OECD) [23] , where, the value of 370 Bq/kg is the ideal value for exposure to the public as it is equal to 1.5 mSv / year. According to the UNSCEAR report [1], the dose rate in outdoor air from terrestrial gamma rays under normal conditions is approximately 60 nGy/ h for a population weighted value. Therefore, a low estimated mean value in the current study (22.884 nGy/ h) was detected and is even lower when compared to the values that were obtained by [20] . In comparison to the worldwide average, the annual effective dose is 0.48 mSv and the results for individual countries are 0.3-0.6 mSv range of [1] . The current research work shows the average values of outdoor and indoor are 0.028 mSv and 0.112, respectively which is significantly low. Table ( 2) also illustrates the average values of H ex and H in which are less than one. Hence the soil is safe for planting. Moreover, The European Commission (EC) approved an index called the gamma index (Iɣ) to verify whether the material is safe or not. However, in the present study, the average value of soil is 0.358 which is clearly less than one conforming the safety of the soil. Plants and open-air vegetables can be affected by the earth release of radionuclides (U-238, Th-232 and K-40), resulting in radioactive contamination. Thus, radionuclides tend to be detected from leafy vegetables especially the ones with large leafy parts in the early phase after a nuclear accident. Background levels of radionuclides (natural or artificial) in foods vary and are dependent on several factors, including which part of plant the customers eat, the type of food and the geographic region where the food has been produced. The common radionuclides in food are K-40, Ra-226, U-238 and their associated progeny. In general, K-40 is the most commonly occurring natural radioisotope. Other natural radioisotopes exist in much lower activity concentrations, and originate from the decay of thorium and uranium [24] . 
Results and Discussion
